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(54) Data processing syslem 

(57) A data base horizomal partitioning system Is 
provWed for use in a relational data base 
management system for storing a relation 
contained in a data base Into a plurality of disc 
storage units 2a-2d by partittoning horizontally 
the relation on the basis of tuples: wherem when 
storing the relation having clustered indexes 12 
therein into a plurality of disc storage units, and 
when a physical page as 13a in a disc storage 
unit is to be Iflled to afuU slate with a plurality of 
tuples in the relation, the page may be divided 
into two so that one half of thus-divWed page 
may be stored into a disc storage unft which has 
cunently a least number of pages containing the 
tuples for the relation. 
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NUMBER OF TUPLES 
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DATA PROCESSING SYSTEM 

The present invention relates to a data processing 
system, and more particularly to a method of storing a data 
base and to file access processing for use in a relational 
data base management system. 
5 Before going any further, it may be a help for the 

reader's better understanding of the invention to give a 
general review on the known art of relational data base 
management. In the art of relational data base management 
system, a data base may be in the form of a collection of 

10 tables typically as shown in Fig. 6. An individual table is 
commonly called a relation 11, each of the items in a table 
is called an attribute 18, and a record actually loaded with 
data in an attribute is called a tuple 17. 

Referring now to Fig. 1, there is shown the general 

15 scheme of a relational data base management system, which is 
operable in a system wherein a plurality of data processing 
units 28a - 28d are connected through a network 29 to a 
plurality of disc storage units 2g - 2j, and wherein one 
relation is stored in parts distributed amongst the disc 

20 storage units 2g - 2j in such a manner that the plurality of 
data processing units 28a - 28d may in parallel have access 
to any data contained in the relation as stored in these 
disc storage units 2g - 2j. In this scheme, one can have a 
single relation partitioned horizontally into rows forming 
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tuples, this being known as horizontal partitioning. 

Thus data as contained in each of rows in a relation 
is called a tuple. Also, each of items (columns) of a 
relation is called an attribute. According to the example 

5 shown in Pig. 6, a relation is designated by reference 

number 11, tuples at 17a - 17 j, and attributes designated at 
18a - 18d, respectively. 

With a relation partitioned evenly as noted above, 
the plurality of data processing units 28a - 28d may read-in 

10 data from each of disc storages 2g - 2j in a generally 

similar time interval, and so it should not happen that one 
data processing unit will still be reading data, while 
others have already read data therein during a data handling 
operation. This allows an increased speed of data 

15 processing. 

An increase in processing speed in a data base can 
be achieved by using the system of pointers to ranges of 
attributes known as "clustered indexes" and described below. 
However, the typical construction of known horizontal 

20 partitioning in a relational data base management system 
inherently does not provide for clustered indexing and so 
high speed access to certain tuples in a relation cannot be 
attained by taking advantage of the use of clustered 
indexes . 

25 Next, reference is made to Pig. 8 which shows 

schematically a typical data processing unit. In this 
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figure, an electronic computer or main-frame 15 is connected 
to a disc storage unit 16. A relation 11 is contained in a 
data base connected to the disc storage 16, and a clustered 
index at 12 attached to the relation 11. This cluster index 

5 12 is, for instance, of the type as disclosed in J. D. 
Ullman's "Principle of Database Systems", paragraph 2.4; 
issued from Computer Science Press Inc* (Japanese 
translation; "Database system no genri", translated by 
Toshiyasu Kunii (phonetic) issued from Nippon Computer 

10 Koyokai? p. 71, line 15 through p. 79, line 17). While no 
particular reference is made to a clustered index in this 
literature, what is stated as a "B-tree" is, in fact, a 
clustered index. In general, it is arranged that tuples in 
a relation 11 are sorted in accordance with a key number 

15 particular to a clustered index 12 so as to be stored in a 
disc storage unit 16. In Pig. 9, there is shown an example 
wherein clustered indexes are used for attributes (keys) 
having an integer number ranging from 1 to 1000. The 
relation 11 may be sorted in accordance with a given key 

20 number, partitioned into eight pages 13a - 13h, and stored 
into the disc storage 16. A pointer 14a is given a number 
of a page with a pointer 14b stored therein, and the pointer 
14b is given page numbers 13a - 13h in the relation 11, 
respectively. With such arrangement, when a specific key 

25 number for a tuple is specified, the page number in which 
that tuple is stored may immediately be known by referring 
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to the pointers 14a and 14b. 

In a relational data base, it is common practice . 
that processing may be directed to a group of tuples in a 
defined range of certain specified attributes or with a 

5 combination of attributes (hereinafter referred to as 

"keys"). For instance, in the relation 11 shown in Pig. 6, 
one might wish to obtain an average of the attribute 18d 
•Ages" of personnel in the "General Section" i.e. with the 
value "General Section" under the attribute 18b of "Name of 

10 Section". In this example, the attribute 18b "Name of 
Section" would be used as a key. 

According to the conventional data processing unit 
as typically shown in Fig. 8, when processing is performed 
on a cluster of tuples as defined in terms of their range in 

15 connection with the value of key for the clustered index as 
noted above, the mainframe 15 operates first to refer to the 
pointers 14a, 14b to the clustered indexes 12, check which 
page the relevant cluster of tuples are stored, and read 
them together by page out of the disc storage unit 16 for 

20 processing. Since the cluster of tuples as defined in their 
range in accordance with the key value of the clustered 
indexes is put together by page and stored into the disc 
storage unit 16 with their range being physically rather 
restricted it may suffice to read out only one page from the 

25 disc storage unit 16, thus making a processing substantially 
quicker than the case having no clustered indexes. For 
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instance, in Pig. 9, by virtue of a cluster of tuples 
existing with the key value in the range from 99 to 190 in 
the page 13b alone, it would be enough to read the page 13b 
only from the disc storage unit 16, thus resulting in 

5 quicker processing. 

While high speed processing may be attained by way 
of the adoption of the clustered indexes in the conventional 
data processing unit, as demands for data base management 
increase, it is difficult to make the data processing even 
10 quicker by way of the conventional data processing which is 
managed by a single main frame per se. 

According to the present invention there is provided 
a data base horizontal partitioning method for use in a 
relational data base management system for storing a 
15 relation contained in a data base into a plurality of 

storage units by partitioning horizontally the relation on 
the basis of tuples and storing clustered indexes for said 
relation wherein when a page in a storage unit would be 
filled by tuples to be stored, the tuples of that page are 
20 divided into two parts and the tuples of one of those parts 
is 'stored in a storage unit which currently stores the least 
number of pages containing the tuples for the relation. The 
invention also provides a system utilizing the method. 

The invention also provides a data processing system 
25 including a master processor means, a master storage means 
connected operatively to said master processor means, a 
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plurality of slave processor means adapted to be controlled 
by said master processor means, and a plurality of slave 
storage means connected operatively one to each of said 
plurality of slave processor means, wherein said master 

5 storage means is adapted to store in the form of B-tree , 
structure a clustered index for either an attribute or a 
combination of attributes of a relation to be processed in a 
relational data base and said plurality of slave storage 
means are adapted to store dispersed between them a relation 

10 in the data base which is partitioned into pages whereby 
said plurality of slave processor means may execute in 
parallel a plurality of processings on a cluster of tuples 
defined by range in connection with a given key value of 
said clustered index. 

15 The invention also provides a corresponding method 

of data processing. 

The invention further provides a relational data 
base processing system in which data in a relation is 
horizontally portioned into a number of pages and in which 

20 an index is maintained in terms of pointers to ranges of an 
index key to the relation, wherein tuples of said relation 
are stored dispersed between a plurality of storage means 
and wherein where a page would be filled by a group of 
tuples to be stored therein, a number of the tuples of the 

25 group on that page are transferred to the storage means 
which currently holds the least number of pages of the 
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relation. 

The invention also provides a corresponding method 

of data base processing. 

Thus with the present invention a relational data 
5 base management system may have a desired horizontal 
partitioning of a data base enabling an even partitioning of 
a relation having clustered indexes. This can afford a 
desired quicker processing on a cluster of tuples as defined 
by range in connection with the key values of clustered 

10 indexes in a relational data base. 

Preferably, when storing a relation with clustered 
indexes comprised of a B-tree structure into a plurality of 
disc storage units, and when a physical page in the disc 
storage unit is to be filled with a plurality of tuples in 

15 the relation, the tuples in the page may be divided into two 
parts in such a manner that one of the parts may be stored 
into the disc storage unit which currently has the smallest 
number of pages containing the tuples for the relation, thus 
effecting an even horizontal partitioning of a data base. 

20 Also, with this arrangement of data processing unit 

according to the invention, clustered indexes in a relation 
may be stored in a primary storage means for a primary 
processing system, a relation partitioned on a by-page basis 
may be stored dispersed into secondary storage means 

25 operatively connected to a plurality of secondary processing 
units, and processing on a cluster of tuples defined by 
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range in connection with key values of clustered indexes may 
be performed in parallel and at a high rate by the 
respective secondary processing units. 

Thus by virtue of the arrangement of a cluster of 
5 tuples defined by range in connection with key values of . 
clustered indexes being stored grouped on a by-page basis in 
secondary e.g. disc storages connected to a plurality of 
secondary processing units, processing on such a cluster of 
tuples may be performed in parallel, to effect. a high speed 

10 data processing. 

As outlined hereinbefore, with the advantageous 
arrangement according to the invention that a relation even 
with clustered indexes may be partitioned horizontally and 
evenly, in a system permitting a plurality of data 

15 processing units to make concurrent access to a plurality of 
storage means e.g. discs, there is attainable, in addition 
to high speed processing by taking advantage of clustered 
indexes, the effect such that each data processing unit may 
read-in data in a similar time interval for the processing 

20 of a total record search, thereby to allow data reading in a 
minimum time interval. 

A further advantage of the invention is that 
processing on a cluster of tuples defined by range in 
connection with key values of clustered indexes may be 

25 performed in parallel by a plurality of secondary processing 
units, and thus that processing on a cluster of tuples so 
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defined may be executed in parallel and at a high rate. 

The invention will be further described by way of 
non-limitative example with reference to the accompanying 
drawings r in which: 
5 Pig. 1 is an explanatory schematic view showing the 

general status of partitioning of a relation having 
ciastered indexes by way of a preferred embodiment of the 
present invention; 

Fig. 2 is an explanatory schematic view showing an 
^0 example of dividing a page in a relation by way of a 
preferred embodiment of the present invention; 

Pig. 3 is a flow chart showing a program in a 
sequence to practice by way of a preferred embodiment of the 

present invention; 
15 Pig. 4 is a block diagram showing a data processing 

unit by way of a preferred embodiment of the present 
Invention; 

Pig. 5 is a schematic view showing a status of parti- 
tioning of a relation having clustered indexes by way of a 
20 preferred embodiment of the present invention; 

Pig. 6 is an explanatory schematic diagram showing an 
example of a typical relation in a relational data base; 

Pig. 7 is a schematic diagram showing an example of a 
system construction of the invention; 

25 Pig. 8 is a block diagram showing the general 

construction of a typical conventional data processing unit; 
and 

Pig. 9 is a schematic diagram showing a typical 
arrangement of storing a relation having clustered indexes 
30 in the conventional data processing system. 
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The prebsnt invention will now be (explained in detail 
by way of a preferred embodiment thereof in conjunction with 
accompanying drawings herewith. Referring first to Fig. 1» 
there is shown a typical clustered index 12. 
5 Each of the tuples is seen stored in sorted order 

in pages 13a - 13e which are of a physical storing unit in a 
disc storage units 2a - 2d. In Pig. 1# there is shown a 
typical exaii5>le of storage wherein clustered indexes are . 
given to attributes having an integer ranging from 1 to 

10 1000, wherein a duster of tuples having a lower 

key value than 73 are, for instance, stored in a page 13a 
of a disc storage 2a, while those tuples having key values 
ranging from 73 through 186 are then stored in a page 13b of 
a disc storage 2b. In this manner, when specifying a key 

15 value of a tuple, a particular disc storage and a specific 
page may be accordingly determined by a pointer 14 as 
belonging to a certain clustered index. 

When storing a specific tuple in. a relation having 
clustered indexes into a disc storage unit, as typically 

20 shown in Fig. 3 flow chart, a particular clustered index may 
be referred to in accordance with a key value of correspond- 
ing tuple to determine a disc storage and a page to be 
stored (Step 101), and i*en having that tuple stored into the 
thus-determined page, a detezninatibn is made as to whether the 

25 specific page is filled up or not (Step 102). If it is determined 
as a result of this examination that the page would overflow, 
this page may be divided into two. !ihe tuples of one of such 
divided Jialf page is to be transferred to a disc stonage currently having 
the least nunter of ti]E:aes stared (St^ 103). Fig. 2 

30 shows this situation, wherein it is shown that when tuples 
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^ith an integral key value ranging from 1 to 100 are stored 
in a page 3c of the disc storage unit 2e, and when tuples 
with this range of key value from 1 to 100 are to be stored 
into this page 3c, this page is divided into two as it is 
5 filled up, and that tuples with a key value ranging from 1 
to 50 are stored in the original page 3c, while tuples with 
a key value ranging from 51 to 100 are stored into the other 
page 3d, respectively. It is to be noted that it is a 
specific disc storage 2f that is selected for storing the 

10 page 3d and that has a currently least number of pages 
comprised of tuples in a relation to which these tuples 
belong. Upon the dividing of the page^ the fcaicwing step is 
reorganization of the clustered indexes (Step 104), and 
subsequently, a series of Steps 101 et. seq. are followed in 

15 repetition. If no overflow of the page is found in Step 
102, these tuples may be stored into the page determined 
in Step 105. 

Referring to this embodiment, while an explanation 
was given on the system structure such that there is 

20 provided a network 29 intercommunicating the disc storage 
units 2g - 2j and the data processing units 28a - 28d, any 
type of network may of course be feasible in practice, such 
as a ring type, a single-bus type or the like, which may 
well serve to an equal effect with that of the embodiment 

25 noted above. 

Fig. 4 is a block diagram showing a preferred embodi- 
ment of a data processing system. according to the invention. 
In Fig. 4, there are shown a primary or master 
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processing unit? designated at 1 (hereinafter referred to as 
"master processor"), a priinaj^ or master disc storage unit 
at 2 connected to the master processor (hereinafter referred 
to as "master disc unit"), a series of secondary or slave 
5 processing units at 3a - 3d (hereinafter referred to as 

■slave processors"), and a series of secondary or slave disc 
storage units at 4a - 4d connected to the slave processors 
(hereinafter referred to as "slave disc units"). Also shown 
are a common memory at 5, which may be accessed by the 

10 aiaster processor 1 and the slave processors 3a - 3d by way 
of a common bus 6, a plurality of local memories at 7a - 7d, 
which may be accessed by the slave processors 3a - 3d by way 
of local buses 8a - 8d, a plurality of interrupt signal 
lines at 9a - 9d used for a communication between slave 

15 processors 3a - 3d by way of an interrupt signal, and an 

input/output line at 10 for input and output of data between 
another computer or an external terminal and the master 
processor. Also shown is a relation designated at 11, which 
may be divided into a prefixed (e.g., 2 K bytes) unit 

20 (hereinafter referred to as a "page") and may be stored divi- 
sionally on the basis of this page into the slave disc units 
4a - 4d. There are also seen a series of clustered indexes 
designated at 12 for the relation 11, which is stored into 
the master disc unit 2. The clustered indexes 12 are of an 

25 index comprised of a B-tree structure, and the tuples in the 
relation 11 nay be sorted in accordance with a given key 
value to the clustered indexes 12, and may be divided into a 
desired number of pages to be stored into the slave disc 
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units 4a - 4cl« Fig. 5 is cl schematic diagram showing by way 
of an example the provision of clustered indexes on the 
attributes (keys) having a range of integer numbers from 1 
to 1000. Relation 11 may be sorted in accordance with a 
5 given key value, and may be partitioned into eight pages 13a 
- 13h* Pages 13a - 13e may be stored in the slave disc unit 
4ar pages 13b and 13c stored in the slave disc unit Ab, 
pages 13d and 13h stored in the slave disc unit 4c, pages ' 
13f and 13g are stored in the slave disc unit 4dr respec- 

10 tively. For example, tuples with a key value smaller than 
99 may be stored in page 13a of the slave disc unit 4a, and 
those with a key value ranging from 99 to 190 stored in page 
13b of the slave disc unit 4b, respectively. A pointer 14a 
is provided with the number of a page in the master disc 

15 unit in which a pointer 14b is stored, and a pointer 14b is 
provided with the number of a slave disc unit in which the 
relation 11 is stored and the number of a page of this disc 
unit. With this arrangement, when a key value of tuple is 
specified, a specific slave disc unit and page in which this 

20 specific tuple is stored may be known by routing a pointers 
14a and 14b to the clustered index 12, accordingly. 

Referring now to the embodiment shown in Pig. 4, the 
operation how to process on a cluster of tuples as defined 
in their range in connection with a given key value of the 

25 clustered indexes will be explained. In this system, a 

cluster of tuples as such defined in their range is divided 
into a plurality of pages and stored possibly evenly in 
division among four of the slave disc units. For example. 
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accor.-ing to the example shown in Fig. 5, it is noted that a 
cluster of tuples having key values ranging from 190 through 
789 is divided into four pages 13c through 13f , and stored 
in the slave disc units 4b, 4c, 4a and 4d, respectively. 
5 When a demand for processing on the cluster of tuples is 
made from another computer or an external terminal by way of 
the input/output line 10, the master processor 1 operates to 
refer to the pointers 14a, 14b to the clustered indexes 12, 
seek numbers of a slave disc unit and of a page in which the 
3.0 relevant cluster of tuples are stored divisionally, write 
into the common memory 5 a command comprising a content of 
processing, a page number, etc. to each of the slave pro- 
cessors 3a through 3d, interrupt in succession each of the 
slave processors 3a - 3d by way of interrupt signal lines 
15 9a - 9d, and inform each of the slave processors 3a - 3d of 
the existence of a processing to be executed. Each of these 
slave processors 3a - 3d operates then to read a command 
directed to itself from the common memory 5, refer to a page 
number contained in this command, and read out a relevant 
20 page from each of the slave disc units 4a - 4d. This read- 
out and processing of a page from these slave disc units 4a 
- 4d may be done in parallel on the part of each of the 
slave processors 3a - 3d. Upon completion of such process- 
ing, each of such slave processors 3a - 3d operates to write 
25 the results of processing into the common memory 5, and 
interrupt the master processor 1 by way of the Interrupt 
signal lines 9a - 9d to report the completion of processing. 
Opon an interrupt from all of the slave processors 3a - 3d, 
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the master processor 1 operates then to read out all results 
of processing from the common memory 5, and return such 
results to another computet or an external terminal by way 
of the input/output line 10. 
5 It is now clear that the objects as set forth herein- 

before among those made apparent from the preceding descrip- 

• tion are efficienUy attained, and while the numbers of such 
conponents as the slave processor 3a - 3d, the slave disc 
units 4a - 4d, the local memories 7a - 7d, the local buses 

M 8a - 8d, and the interrupt signal lines 9a - 9d are four 
according to the preferred embodiment of the invention as 
noted above, it is to be understood that they may of course 
be any numbers such as one or ;nore, respectively. 

While there are provided one each of the master disc 

15 unit 2 and the slave disc units 4a - 4d in the master 
processor 1 and in each of the slave processors 3a - 3d, 
respectively, according to the embodiment noted above, it is 
also to be understood that they may naturally be of any 

numbers of two or more. 
20 The term B-tree used in the description and claims 

is not intended to be limited to a binary tree but to include 
'ternary or higher order trees. 



CLAIMS 

1. A data base horizontal partitioning method for 
use in a relational data base management system for storing 
a relation contained in a data base into a plurality of 
storage units by partitioning horizontally the relation on 

5 the basis of tuples and storing clustered indexes for said 
relation wherein when a page in a storage unit would be 
filled by tuples to be stored, the tuples of that page are 
divided into two parts and the tuples of one of those parts 
is stored in a storage unit which currently stores the least 

10 number of pages containing the tuples for the relation. 

2. A method according to claim 1 wherein the 
storage units are accessible in parallel. 

3. A data processing system including a master 
processor means, a master storage means connected 

15 operatively to said master processor means, a plurality of 
slave processor means adapted to be controlled by said 
master processor means, and a plurality of slave storage 
means connected operatively one to each of said plurality of 
slave processor means, wherein said master storage means is 

20 adapted to store in the form of B-tree structure a clustered 
index for either an attribute or a combination of attributes 
of a relation to be processed in a relational data base and 
said plurality of slave storage means are adapted to store 
dispersed between them a relation in the data base which is 

25 partitioned into pages whereby said plurality of slave 
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processor means may execute in parallel a plurality of 
processings on a cluster of tuples defined by range in 
connection with a given key value of said clustered index. 

4. A system according to claim 1, 2 or 3 wherein 
5 said storage means comprise disc storage means. 

5. A relational data base processing system in 
which data in a relation is horizontally portioned into a 
number of pages and in which an index is maintained in terms 
of pointers to ranges of an index key to the relation, 

10 wherein tuples of said relation are stored dispersed between 
a plurality of storage means and wherein where a page would 
be filled by a group of tuples to be stored therein, a number 
of the tuples of the group on that page are transferred to 
the storage means which currently holds the least number of 

15 pages of the relation. 

6. A data base horizontal partitioning system for 
a relational data base management system in which a relation 
contained in a data base is stored in a plurality of storage 
units by partitioning horizontally the relation on the basis 

20 of tuples and in which clustered indexes for said relation 
are stored, wherein when a page in a storage unit would be 
filled by tuples to be stored, the tuples of that page are 
divided into two parts and the tuples of one of those parts 
is stored in a storage unit which currently stores the least 

25 number of pages containing the tuples for the relation. 

7. A system according to claim 6 wherein the 
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storage units are accessible in parallel. 

8. A. data processing method for use on a system 

including a master processor means, a master storage means 

connected operatively to said master processor means , a 

5 plurality of slave processor means adapted to be controlled 

■ 

by said master processor means, and a plurality of slave 
storage means connected operatively one to each of said 
plurality of slave processor means, wherein a clustered 
index for either an attribute or a combination of attributes 

10 of a relation to be processed in a relational data base is 
stored on said master storage means in the form of B-tree 
structure and a relation in the data base is partitioned 
into pages and stored dispersed between said plurality of 
slave storage means whereby a plurality of processings on a 

15 cluster of tuples defined by range in connection with a 
given key value of said clustered index may be executed in 
parallel by said slave processing means. 

9. A relational data base processing method in 
which data in a relation is horizontally portioned into a 

20 number of pages and in which an index is maintained in terms 
of pointers to ranges of an index key to the relation, 
wherein tuples of said relation are stored dispersed between 
a plurality of storage means and wherein where a page would 
be filled by a group of tuples to be stored therein, a 

25 number of tuples of the group on that page are transferred 
to the storage means which currently holds the least number 



of pages of the relation. 

10. A data base processing system constructed and 
arranged to operate substantially as hereinbefore described 
with reference to and as illustrated in the accompanying 

5 drawings. 

11. A data base processing method substantially as 
hereinbefore described with reference to and as illustrated 
in the accompanying drawings. 
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